The main aim of this study was to determine the size of the load carried by the Reda River that was discharged into the sea and the load distribution on the bottom of the Puck Lagoon. Water exchange with the open sea was limited in this shallow reservoir where the average depth was 3.13 m. The input of material was dominated by river transport, whereas abrasion and aeolian processes were insignificant in the total sediment inflow. The Reda River, one of the main rivers flowing into the lagoon, is 44.9 km long and has a catchment area of 485.2 km 2 . The investigations were conducted between 2001 and 2004 at the Mrzezino hydrological cross-section and at the river mouth in the Puck Lagoon.
INTRODUCTION
The discharge of basin waters and mineral and organic material resulting from basin denudation and river channel erosion is the main function of rivers. The scale of the erosion processes in the basin depends on the climate, surface features, geological structure, plant cover, and human activities. Rivers can transport dissolved load and particulate matter as suspended sediment load or as bed load. The manner of transport of the particulate matter depends on the interrelation between the flow velocity in the river channel and the size and weight of the particles. The particles can be transported on the river bed or as suspensions in the water mass. The boundary diameter of particles that differentiate the suspended sediment load from the bed load is not a fixed value. The size of particles transported in the suspension changes depending on the flow velocity and ranges from fine clays to pebbles, although it can also, although rarely, include particles larger than coarse-grained sand (>0.5 mm). Normally, the suspended sediment load is dominated by the silt and clay fraction with grain diameters of less than 0.063 mm, which in many rivers of the world constitutes from 50 to 100% of the load composition (Ongley 1996) .
Research on the river load transport in the mouth stretches of both the largest river systems (Jaeger and Nittrouer 1995 , Chen et al. 1999 , Milliman et al. 1999 , Li et al. 2001 , Woodruff et al. 2001 , Islam et al. 2002 and smaller rivers indicates that the inflow of such loads play a considerable role in sedimentation processes (Milliman and Syvitsky 1992 , Ferster and FitzGerald 1996 , Patchineelam et al. 1999 , Sottolichio and Casting 1999 , Lopes et al. 2001 , Milliman 2001 , Serrat et al. 2001 . These types of investigations also aim at determining the global inflow of terrigenic material that rivers discharge into the seas and oceans.
In Poland, river load research dates back to 1923 (Born 1928) . The first scientific work conducted by the hydrological services concerned the movement and quantity of the suspended sediment load and the bed load in the Vistula River. Large-scale research into the river load was begun in the 1950s and continued until the early 1980s (Dębski 1957 , Brański 1968 , Pasternak and Cyberski 1973 , Skibiński 1976 .
On the Polish coast research into the quantity of load transported by rivers was conducted in 1955-1965 by Brański (1968 ) and in 1978 -1980 by Cyberski (1980 and Dynus-Angiel (1983) . This research was devoted to the largest rivers of the Baltic Coast -the Rega, Parsęta, Wieprza, Słupia, Łupawa, and Łeba -which run directly into the Baltic Sea.
The general hydrological conditions of the Puck Bay catchment area were presented in studies by Cyberski and Jankowska (1984) , Friedrich (1984) , and Cyberski (1993) . However, the question of river load transport and the quantity of its discharge to the sea was not addressed. Data on the quantity of the total suspended sediment in the waters of the River can only be found in the regular publications of the Institute of Meteorology and Water Management in Gdynia (Environmental Conditions in the Polish Zone of the Southern Baltic) and the Environmental Protection Inspectorate in Gdansk (The Cleanliness of Rivers, Lakes, and the Baltic Sea) .
Of the issues pertaining to the course of river-related processes in the Puck Bay catchment area, the river load transport has been relatively little studied. No studies have addressed the dispersal of the sediment material discharged by the rivers to the sea nor how this material sediments.
The aim of the present study was to determine the quantity and seasonal change of the discharge of sediment material transported by the River to the Puck Lagoon and to determine the rules regarding the dispersion of the material in the water column and on the reservoir bed. The study focuses on the particulate fraction transported in the suspension and in the bed load.
MATERIALS AND METHODS
The determination of the quantity of the suspended sediment load and the bed load in the Reda River was based on the results of stream gauging and measurements of water turbidity as well as results of grain size analyses of channel deposits. Field work was conducted at the measuring station at Mrzezino from November 2001 until October 2003 and in February and May 2004. The measuring station was located at a distance of 2.6 km from the mouth in a cross-section closing 99.5% of the basin area. Water samples and bed deposits were collected in the vicinity of the Reda River mouth in June 2004 (Fig. 1) .
The multipoint measurements of the turbidity field were accompanied by stream gauging, which permitted determining precisely the suspended sediment volume. The measurements of flow velocity and quantity were carried out on a monthly basis in determined hydrometric columns using a 2030R Eijkelkamp mechanical current meter in compliance with the guidelines in Pasławski (1973) and Bajkiewicz-Grabowska et al. (1993) .
Water samples of 1 dm 3 were collected in three bathometric columns identical to the hydrometric columns (one in the current zone, two off the current zone) at three depths -near the surface, at mid column depth, and by the bed.
Deposit samples were collected from the river channel (in the current zone and at a distance of one-sixth of the channel breadth from the right and left river banks) three times throughout the research season for the purpose of determining bed load discharge.
Laboratory analyses included:
• determining the concentration of particulate matter in the river and sea water and the share of the organic and mineral fractions in the water; • determining the grain size composition of the suspension, the river bed load, and the bed deposits located on the bed of the Puck Lagoon by the mouth of the Reda River. In order to determine the concentration of the suspension, samples of river and sea water were filtered through GF/F Whatman glass fiber filters (pore diameter 0.7 μm, effective filtration 0.45 µm). The filters were then annealed at 450ºC. The quantity of mineral and organic suspension was determined based on the difference in their weight before and after the annealing.
The mineral composition of suspensions and deposits was determined at the Polish Geological Institute in Gdansk with the help of an ANALYSETTE 22 laser particle size (fraction <0.063 mm) and sieve analysis in which sieves with mesh diameters of 4.0, 2.0, 1.0, 0.5, 0.125 and 0.063 mm were used. The statistical analysis of particle size distributions was based on moments analysis performed with the Gradistat program.
The average velocity in the columns was calculated based on point measurements of water flow velocity in hydrometric columns. Geometric measurements of the river channel and water flow velocity were used to calculate the cross-section area, the volume of water flow per time unit (Q), and Using the available turbidity and streamflow figures, sediment volume was measured for each measurement cycle (Pasławski 1973 , Bajkiewicz-Grabowska et al. 1993 : To determine the intensity of transport of the bed load G r [m 3 s -1 ] in the entire cross-section of the river channel, the following formula was used:
where: Δb i is the distance between columns, in which the unit bed load discharge equaled g r,, i -1 and g r ,i , N is the number of columns adopted in the cross-section of the channel.
The conversion from units of volume to units of weight was based on the following formula: ].
STUDY AREA
The basin of the Reda River lies in three geographical mesoregions comprised of the marginal stream valley of the Reda and Łeba rivers, the Kashubian Lake District, and the Kashubian Coast (Kondracki 1991) . The river sources are located west of the village of Strzebielino at 49.4 m above sea level in the marginal stream valley of the Reda and Łeba rivers, which, in this particular stretch, is 3 km wide. A part of the marginal stream valley stretches to the east, to the town of Reda. It is here that the Reda River enters the Kashubian Coast and flows on down the northern part of the Kashubian Meander, which opens towards the Puck Bay for 6 km. Beyond the town of Reda the river channel bifurcates towards the east. Its northern arm is the stretch of the Reda River mouth proper that discharges water into the Puck Lagoon (an internal part of the Puck Bay). The breadth of the Reda channel ranges from 0.4 m in the source stretch of the river to 15 m by the mouth; therefore, the river flows in a disproportionally large marginal stream valley.
The morphology of the surface features in the basin area is highly diversified. For example, there are some undulating ground morainic plateaus comprised of mixed sand, gravel, and clay divided by fragments of marginal stream valleys to depths of 50-100 m. The pattern of the marginal stream valleys reflects the history of the late-Pleistocene drainage system that developed on the nearest forefield of the Scandinavian ice-sheet leaving the Pomeranian stage (Augustowski 1974) . The dense river system of the Reda River, which is marked by basin asymmetry in favor of the right and, in contrast to other coastal rivers, has a parallel flow direction, developed on such a substratum bed. As the river valley is water-logged and peated, the Reda River drains strongly along the majority of its course; downstream, the river channel is regulated, while the mouth and its surroundings are natural.
The Reda River is 44.9 km long and its average fall is 0.98‰. The basin covers 485.2 km 2 , which is as much as 53% of the total catchment area of the Puck Bay. The hydrological regime of the rivers in the Reda catchment is shaped by relatively high rainfall, the domination of permeable and semipermeable deposits, the presence of numerous valleys, and considerable differences in relative heights. In the mouth stretch of the Reda River, the quantity and direction of flow are influenced by the condition of the water in the Puck Bay (the presence of backwater). The Reda, similarly to other Pomeranian rivers, is marked by the snow and rain oceanic regime, which is manifested by increased water supply, higher water levels, and flow throughout the winter season (October to April). As a result, there are two characteristic supply periods: fall-winter (rainfall and snowfall) and January-April (melting snow). The lowest water levels are recorded in summer due to the high retentiveness of the substratum bed and increased evaporation.
Due to the considerable share of groundwater in the supply of water to the rivers of the Reda basin (Piekarek-Jankowska 1994) as well as the relatively uniform supply from precipitation and considerable retention in the lakes and hollows without drainage, the streamflows of the Reda River are marked by little changeability. In its source stretch, the Reda River is also supplied with water infiltrating from the Łeba River. Further on, the river flows down the bottom of the marginal stream valley, which is the base of the regional drainage of groundwater from Quaternary, Palaeogene, Neopalaeogene, and Cretaceous deposits (Cyberski and Jankowska 1984) . As a result, the Reda is a draining river throughout most of its course, and may only periodically change to infiltrating and supplying groundwater when the water level is high or during snow-melt floods.
The Reda catchment area is located in the zone in which the impact of the Baltic Sea comes in contact with the lake district climate resulting in the spatial changeability of climatic conditions in the region. Precipitation is the most important element of the climate that influences the development of water conditions. Since the area under study remains under the influence of marine continental precipitation, there are little changes in precipitation throughout the year. The area's topographic features and its exposure to westerly rain-bearing winds have a considerable impact on the quantity of precipitation. The highest annual precipitation occurred in the summers of 1951-1981 (May-October), and peak values were reached in August. The average annual precipitation totals are non-uniform. The largest amounts of precipitation were recorded on the plateaus and both sides of the Reda River marginal stream valley (600-700 mm). In the western part of the catchment area they are more than 700 mm. In the mouth stretch of the river and in the coastal sea zone (both regions are located in the rain shadow of the Kashubian Lake District plateaus), precipitation levels are the lowest and do not exceed 600 mm annually (Cyberski and Szefler 1993) . In the 2001-2004 period when the research into the discharge of the load carried by the Reda River to the Puck Lagoon was conducted, precipitation levels were 10-15% higher than they had been in 1951-1981. During the research period, the annual precipitation pattern was dominated by liquid precipitation (approximately 85%), and snowfalls were recorded from October to May. Snow cover was first recorded in the lake district (at the end of November), then in the central part of the basin (end of November) and finally in the coastal area (at the beginning of December). The length of the snow cover period is also varied; it is the longest in the lake district area (80-90 days) and the shortest by the Puck Bay (50-60 days).
The average annual temperature in the Reda River catchment area ranges from 6.5 to 7.5ºC. It is slightly higher in the coastal area than in the areas located further inland, which is evidence of the reductional impact the Puck Bay has on air temperature. The annual amplitude of temperatures, expressed as the difference between the mean temperatures of the hottest and coldest months, is also lower in the coastal area at 17ºC, while in the southern part of the catchment area (Michalska 2004) .
The Reda River basin is 40% forested (197.5 km 2 ), with the domination of mixed (coniferous and deciduous) forest complexes. There marginal stream valley also contains agricultural areas comprised mainly of meadows and pastures.
The Puck Lagoon is the most peripheral, western part of the Gdansk Bay and covers 103 km 2 , which is just 1.9% of the Gdansk Bay area. The average depth of this aquatic region is 3.13 m. The mean salinity of lagoon waters is 7.3 PSU, which results from the exchange of water with the Gdansk Bay and the inflow of rivers. Normally, the impact of river waters is limited to the area by the river mouths. This is also the case for the Reda River, the largest in the catchment area. After they are discharged into the lagoon, these waters flow south along the shore and finally reach the Gdansk Bay (Nowacki 1993) .
The Puck Lagoon has diversified bed features (Fig. 1) . The patterns of shallows, channels, and hollows divide the area into two basins -the Puck Basin and the Kuźnicki Basin (Nowacki 1976) . The Puck Basin spreads along the western coast and resembles a channel limited with 3 and 4 m isobaths, with the deepest spot at the Rzucewska Deep (5.7 m). The Kuźnice Basin, which spreads along the Hel Peninsula, contains two distinct hollows -the Kuźnicka Deep (9.7 m) and the Chałupska Deep. The exchange of waters between the two basins is hampered by the shallows of Virgin Sands that spread from the northwest towards the southeast from the Hel Peninsula as far as Seagull Shallow (Nowacki 1993) . The lagoon shore includes mouths of marginal stream valleys and the postglacial plateau on which cliffs have developed. Both the marginal stream valleys and the clays of the postglacial plateaus continue on the bed of the Puck Lagoon (Piekarek-Jankowska 1994, Słomianko 1974) .
RESULTS AND DISCUSSION
In the period under analysis, the mean annual flow at the Mrzezino measuring station was 6.1 m 3 s -1 (Fig. 2) . The highest streamflow volume figures were recorded in January 2002 at 11.8 m 3 s -1 and in February 2004 at 12.5 m 3 s -1 . The lowest streamflows (3.9-5.5 m 3 s -1 ) were recorded in the summer months from June to August. The characteristic changeability of streamflows depends on river supply. In the analyzed measuring cycles the maximum streamflows resulted from the warming and the subsequent rapid melting of snow cover. This phenomenon was recorded in the third decade of January 2001 when mean daily temperatures were above 0ºC (with a maximum of 6ºC) and in the first decade of February 2004 when air temperatures were above zero.
Summer low flows resulted from increased evaporation in the catchment area that exceeded the precipitation level and the considerable retentiveness of the substratum bed. In 2002 and 2003, August was marked by low precipitation levels and the highest mean monthly temperatures annually.
The mean discharge levels measured for particular months were compared with the analogical values from the Wejherowo measurement profile where hydrological measurements have been conducted for many years. Stream gauging values were recalculated taking into account the increase in catchment area ratio from the Wejherowo station to the Mrzezino outfall. With the exception of those for January and September (Table 1) , the results obtained fell within error limits and therefore can serve as a basis for drawing conclusions concerning the course of hydrological phenomena.
The results of flow velocity measurements indicated that in the 2001-2004 period the Reda River discharged 0.193 km 3 of fresh water to the Puck Lagoon annually, which constituted more than 76% of all the river waters flowing into the lagoon. The other rivers discharging waters to the Puck Lagoon, i.e. Kanał Łyski, Gizdepka, and Płutnica ( Fig. 1 ) and for which measurements were taken simultaneously, discharged 0.06 km 3 of fresh water in the same period. Calculations of the characteristics of the suspended sediment load were based on the measurement of streamflow volume and turbidity, i.e. the quantity of suspension per unit of river volume. The average turbidity of the Reda River during the period investigated was 13.56 g m -3 , while the range was considerable at 6.02 to 88.06 g m -3 (Fig. 3) . Variations in suspended sediment load, and therefore turbidity, resulted from the availability of sediments from the catchment area, which depended on the seasonal changeability of plant cover, precipitation intensity, snow cover, and basin denudation levels. The largest amounts of sediments were carried 1971 -1983, 1994 -1996, 2000 b -period of time 2001 -2004 during high water stages, which were recorded in periods of increased catchment area erosion that resulted from the melting of snow. Intense precipitation also activated the supply of sediment material from the catchment area; as precipitation continues, turbidity levels decrease (Allen 2000) . During intense summer rainfalls, a marked increase in the turbidity of Reda River water was recorded. However, the streamflow volume did not increase simultaneously due to the existing hydrological conditions resulting from the geological structure. The correlation of the turbidity value and streamflow was r=0.14 on average because the parameters were not linearly dependent (Fig. 4) .
Fig. 4.
Relation between turbidity (P) and streamflow (Q) in the Reda River.
Fig. 3. Turbidity (P) of Reda River water at Mrzezino station.
During the investigated period, the average daily transport of suspended sediment load was approximately 9.2 tons; this value ranged from 1.4 tons/day (November 22, 2002) to 95 tons/day (February 6, 2004) . The largest mass of suspended sediment load transported was correlated with either the highest streamflow or turbidity.
Over the course of the measurements and subsequent calculations it was determined that the suspended sediment load discharged by the Reda River into the Puck Lagoon is 2,618 tons annually. The maximum inflow of the suspended sediment load transported by Reda and the other, smaller rivers of the catchment area was noted in February (37.8%) while the minimum was in October (2.97%). For the Baltic Sea the maximum annual inflow of suspended sediment load was recorded in April (22.2%) and the minimum in January (3.7%) (Lajczak and Jansson 1993) .
The structure of the suspended sediment load was dominated by the mineral fraction, which was 59% on average (Fig. 5) . Its share in the particular samples taken throughout the year ranged from 39 to 85%. The domination of the mineral fraction over the organic fraction was the most apparent in the summer months.
Analyses of the grain sizes of the suspended sediment load indicated the domination of silt and clay fractions, which together constituted more than 91% ( Table 2 ). The 0.01 -0.05 mm fraction constituted over 60% of the mass of the sediment transported. Fine-grained sand was the largest fraction (8% approximate share). The share of clay, the finest fraction, was 6.7%. In larger rivers, such as the Vistula, silt and clay have a smaller share in the development of the suspended sediment load, and they normally jointly constitute approximately 70% (Cyberski 1982) . The content of the silt and clay fraction transported in the suspension is not smaller in mountain rivers than it is in the River Reda either (Pasternak and Cyberski 1973) .
Many conclusions on the transport of the bed load in the Reda channel can be drawn from the changing shape of the river channel (Fig. 6) 2.8 % 3.9 % 9.3 % 14.9 % 60.8 % 5.0 % 3.3 % river bed was 0.54 m s -1 , while the average water flow velocity in the entire cross-section of the river channel was 0.58 m s -1 . A flow velocity of >0.5 m s -1 allows the load to be transported on the bed (Gradziński et al. 1986 ); this is also facilitated by the absence of vegetation.
In order to determine the bed load discharge and the quantity in the mouth stretch of the Reda River, it was necessary to analyze the grain sizes of the sediments deposited on the bed (Table 3 ).
The channel bed in the mouth stretch was comprised of coarse-grained sand. The bed material did not change much in the cross-section. The sediments collected off the current zone were sorted slightly worse, and there was a simultaneous increase in the share of the coarser fraction of gravel. This resulted from the smaller water flow velocity, which caused the deposition of coarser grains. The negative values of the skewness indicator also demonstrated that the material was enriched with coarser fractions and that the finer fractions, which were both transported in the suspension and on the bed, were eliminated from it. Kurtosis ranged from 2.4 to 5.8 phi, which indicated that the dynamic conditions prevailing in the environment were more or less uniform.
The share of the organic fraction in the channel sediments was low and ranged from 0.1% to 2.3 % (Fig. 5) .
During the measurement period, the bed-load discharge and bed load quantity were calculated based on results of grain size distribution analysis using Skibiński's formula. The results of these calculations indicated that the 55 -platykurtic, 2.55 ÷ 3.7 -mesokurtic, 3.7 ÷ 7.4 -very leptokurtic majority of bed load was transported in the cross-section in the form of a bed load ribbon, the location of which changed depending on the streamflow conditions and bed sediment supply. Changes in the bed shape in the crosssection indicated that the bed load was transported along the entire breadth of the channel (this was also assumed in the calculations).
The results of the calculations indicated that the Reda River transported from approximately 108 to 203 cm 3 of sediment per second, which corresponded to 3,409-6,391 m 3 (or 5,455-12,939 tons) annually. The units of volume were converted to units of weight based on the assumption that the weight by volume of the dry bed load was 1.6 g cm -3
. Bed load discharge was strongly correlated with streamflow volume r = 0.9 (Fig. 7) .
Of the material discharged by the Reda River into the Puck Lagoon, 26.5% of the transported load (approximately 2,600 tons) was comprised of suspended sediments. Although this was lower than the quantity for other Pomeranian rivers which run into the Baltic Sea (Szymczak 2002) , it must be remembered that the annual streamflows of the rivers (7.8 -26.5 m 3 s -1 ) were larger than in the Reda. The percentage share of the suspended sediment load in the total load mass was similar to the other rivers of Pomerania, in particular the Łeba and Rega (Cyberski 1984 , Szymczak 2002 . The figures for bed load, that ranged from 3,409 to 6,391 m 3 (5,455-12,939 tons), were similar to the lower limit values calculated for the Łeba River. Fig. 7 . Relation between the bed load discharge along the bottom breadth unit (q) and the streamflow (Q) in the Reda River.
The considerable quantity of the river material transported, and in particular the bed load, was also indicated by the delta, which accumulates in the continuation of the mouth of the Reda River in the Puck Lagoon. At the moment, it is almost 700 m long, with a delta plain of approximately 400 m. The Reda delta is a young accumulation landform because the river mouth, which was used as recently as the late nineteenth century, was initially located approximately 1 km north of its current location.
The process of delta formation depends on several factors, such as the relief of the delta background (catchment area), streamflow quantity, as well as the quantity and type of the river load, the manner in which the river enters the reservoir, wave motion, longshore currents, sea tides, reservoir bed features, and long-term changes in reservoir water level (Gradziński et al. 1986 ). All of these elements are responsible for the individual shape of the developing accumulation form. The Reda River's delta plain, the accumulation of which was mainly influenced by river processes and wave motion (absence of tides), was marked by a small number of distribution channels (1-2) and periodically appearing sandy islands and barriers.
In the mouth zone, the river water stream entered the waters of the Puck lagoon losing velocity and, as a result, depositing its load below the water level of the reservoir. The river waters of the Reda River were of lower density and therefore they dispersed in the surface layer in the form of a fan. The load was deposited near the mouth, but the fine fractions of the suspended sediment load were carried further. The deposition of the sandy fractions was indicated by the grain composition of the sediments deposited in the forefield of the mouth of the Reda River (Fig. 8 ) and was consistent with the sediments of the river channel deposited in the mouth stretch.
The suspension content of lagoon waters in the Reda mouth zone decreased along with the distance from the mouth and changed from 18 to 5 g cm -3 . It reached its peak value in the Reda channel (to more than 18 g cm -3 ) and in an inlet located between the Reda mouth and the Kanał Łyski, which was also a source of suspension (Fig. 9) . A considerable decrease in the suspension content was recorded approximately 150 m from the mouth. An increase in the share of the organic fraction in the suspension and a decrease in the concentration of the suspension and in the bed zone (Fig. 10) was also recorded in the same area (Figs. 11, 12 ). These could have resulted from the process of flocculation, which took place in the area in which the fresh water of the Reda made contact with the brackish waters of the Puck Lagoon. Organic matter plays an important role in the flocculation and the creation of so-called "floccules" because it is adsorbed on the surface of clay minerals (Eisma et al. 1996) .
Under natural conditions, "floccules" grow to reach several millimeters and sometimes even several centimeters. Flocculation increases the suspension ] in the surface water layer. ] with depth in the area of the Reda River mouth. deposition rate (Kranck 1984) . The above was also confirmed by an increase in the share of the organic fraction in the delta sediments (Fig. 13) .
Generally speaking, the share of the organic fraction in bed sediments is lower than in the suspension, but this is most probably caused by its relatively fast mineralization and consumption by the bacteria and fauna living on the river bed (Eisma and Kalf 1987) .
CONCLUSIONS
The Reda River discharged a load of more than 9,900 tons annually into the Puck Lagoon. The size of the sediment inflow oscillated throughout the year. In the period from November to April, the sediment inflow was estimated to be 70%, which was connected directly to the river regime and streamflow. This resulted from the comparison of the mass of the suspended sediment load and the bed load in the traction transport that the bed load (rather than the suspended sediment load) dominated (73.5%) in the mouth stretch of the Reda River channel.
The bed load included coarse-grained sands, with not more than 1% of organic matter. The main zone in which the traction transported material was deposited was located by the mouth, where an accumulative form, or delta, Fig. 13 . Share of the mineral fraction in bottom deposits (in %).
formed. The grain-size composition of sediments in the delta slope reflected the bed load fraction of the river load.
The structure of the suspended sediment load was dominated by finegrained sediments -silt and clay -which constituted more than 90% of the suspended material. This type of load was also marked by a larger share of organic matter (approximately 59%), which was important for the flocculation that took place in the contact of fresh river waters and brackish sea waters.
